ABSTRACT The I-naphthyl acetate esterase activity from the cell-free preparation of cultures of the yeast-like symbiont, Symbiotaphrina kochii Jurzitza ex. W. Cams and v. Arx, of the cigarette beetle, Lasioderma serricorne (F.), was investigated with isoelectric focusing, gel filtration chromatography, selective inhibition, and temperature and solvent stability studies. Cel filtration indicated that activity was predominantly due to one enzyme (or closely related enzyme forms) with a molecular weight of approximately 38,000. The isoelectric point of most of the activity ranged from pH 4.6 to 4.8. The presence of three bands in this region suggested that isoenzymes were present. The apparent K .. for the symbiont esterase was 1141lM and the V ..", was 8.9 nmole/min/mg protein. The symbiont esterase was relatively resistant to acetone, sensitive to temperature treatments, and partially inhibited by relatively high concentrations of organophosphates and thiol reagents, but not by chelators.
THE ESTERASES are a very large class of enzymes, all of which can break an ester bond with the help of a water molecule. Most enzvmes in this class (IUB 1984) hydrolyze endogen;us substances and are important in intermediary metabolism, but can also play a role in detoxification of xenobiotics. Esterases include carboxvlesterases (E. C.:3.1. 1. 1. ), arvlesterases (E.C.3.1.1'.2) and cholinesterases (E:C.3.1.1.8.) (Augustinson 1959 (Augustinson ,1961 . Carboxylesterases are typically inhibited by organophosphates or sulfhydryl reagents, but aryl esterases are resistant to these compounds (Ahmad et al. 1986) .
O 'Brien & Yamamoto (1970) indicated that ester hvdrolvsis is one of the major forms of metabolism of org~nophosphateinsecticides. The hydrolysis of organophosphates by various insect and arachnid species has been attributed to single (Devonshire & Moores 1982) and multiple enzymes (Ishaaya & Casida 1980) . In cases where partial purification of insecticide esterases has been attempted, activity may appear coincidental to the esterase activity observed when naphthyl esters are used as substrates (Devonshire & Moores 1982). However, there are exceptions (e.g., Dowd & Sparks 1986) . Thus, I-naphthyl acetate is not always an appropriate substrate for other esterases. Many investigations of esterase in insects and other organisms have been reported, and comprehensive reviews are available (Dauterman 1976 (Dauterman , 1985 Junge 1984; Junge & Kless 1984) .
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. Esterases have been studied in many organisms including vertebrates, insects, and microorganisms (Leinweber 1987) . Molecular weights of vertebrate esterases typically range from 50,000 to 60,000 (e.g., Coppinger 1978 , Mentlein et al. 1980 . The molecular weights of insect esterases are more variable (from 65,000 in Lymantria dispar [L. ] to 220,000 in Musca domestica L.). More emphasis has been placed on the enzyme and tissue-specific activities of insect esterases (e.g., Kao et al. 1985) . Some of the insect esterases are inducible (Yu & Hsu 1985) . Reports of esterase activity in microorganisms are less common, and characterization of esterases in microorganisms appears more limited (Ohkawa et al. 1979 , Pacaud 1982 . Esterase activities in veast, Brettanomyces, associated with fermentation' have been reported by Spaepen & Verachtert (1982) .
Other esterases have been reported from E. coli (Pacaud 1982) , Xanthomonas maltophilia (Debette & Prensier 1989) , and Pseudomonas aeruginosa (Ohkawa et al. 1979) . Esterase induction also occurs in microbes. Aspergillus fiavus produces an esterase that is induced when the organism is grown on rutin, robinin, quercetin, and other compounds (Child et al. 1963) .
Through the process of coevolution, many insects live symbiotically with microorganisms, primarily yeasts and bacteria (Jones 1984) . Earlier work delineated the nutritional role of these symbionts (see Koch [1960] for review). More recently, the role of detoxification was examined bv histochemical and other biochemical methods (bowd 1989, 1990) . Proteins produced by the microbial symbionts of insects mav be transferred to the host, and some of these a;e apparently coded by the host DNA (Ishikawa 1982a (Ishikawa ,b, 1984 . Symbionin, a protein with a subunit molecular weight of 63,000, has been isolated (Ishikawa 1984) and is believed to be important in embryonic and post embryonic development of the host (Ishikawa et a!. 1985) . In general, little information is available on the properties of enzymes produced by insect symbionts.
Our earlier studies suggest that esterases from the yeast-like symbiont, Symbiotaphrina kochii Jurzitza ex W. Gams v. Arx, may be responsible for detoxifying a wide range of pesticides, mycotoxins and plant toxins (Shen & Dowd 1989) . In this study, we investigated I-naphthyl acetate esterase activity (a representative enzyme) produced bv the veast in culture. Biochemical characterizati~n wa's based on cell-free enzyme preparations. Isolation of Symhionts. Symbiont yeasts grown on potato dextrose agar medium for 2 wk were used for the assav. The initial isolation and maintenance procedu;es have been reported previously by Shen & Dowd (1989) .
Preparation of Enzymes. The yeasts were scraped from the culture plate and suspended in NaHoPO.·HoO, NaoHPO, 0.1 M phosphate buffer (pH 7.4). Dilutions were made to produce a suspension reading of about one absorbance unit (A U) at 800 nm when quantitating. A relatively high wavelength was used because the yeast is orange, a color that could cause misleading readings at the lower absorbances typically used to standardize microorganism concentrations (e.g., 650 nm).
The cell-free enzyme preparation was made in the same manner as reported previously by Shen & Dowd (1989) . Briefly, a yeast suspension (estimated absorbance of 15 AU bv dilution) was loaded into a microfuge tube half-filled with glass beads (425-600 f.L) and the yeasts were broken by using a minibeadbeater (Biospec Products, Bartlesville, Ohio) for three consecutive I-min intervals. The tubes \vere centrifuged for 5 min at 1,000 x g to precipitate the cell debris and the beads. The supernatant was collected and kept on ice until used. An aliquot of the supernatant was saved for protein determination.
Enzyme Assays. The hydrolysis of I-naphthyl acetate was used as a measurement of enzvme activity. A 10-· M (final concentration) of I-n'aphthyl acetate in the 0.1 M phosphate buffer (pH 7.4) served as the substrate. The reaction mixture, consisting of 1 ml of substrate and 100 f.Ll of cell-free enzyme preparation, was incubated at 35°C for 20 min. The reaction was stopped with a SDS-fast blue BB salt (1.4 & 0.2%, respectively) solution (Dowd & Sparks 1984) . The diazo-I-naphthol hydrolysis product was quantitated at 600 nm by comparison 'with a standard curve. Protein determination was made by the Bio-Rad kit (Richmond, Calif.) method based on the principle of Bradford (1976) . Bovine serum albumin served as the standard.
Gel Filtration Chromatography. Column chromatography was performed as described by Sparks et a!. (1983) in a 100 by 0.8 cm (inner diameter) column held at 4°C. The packing material was Sephacryl S-200, the eluting buffer was pH 7.4, 0.1 M phosphate, and the flow rate was 24 ml/h with v, = 180 ml and V" = 62 m!. Four milliliter fractions were collected. One milliliter of the concentrated cell-free enzyme preparation was applied in our experiment. Estimation of the molecular weight \vas by calibrated gel filtration (Andrews 1964 (Andrews , 1965 . The following proteins were used as molecular weight standards: ribonuclease (13,500), chymotrypsinogen (22,000), ovalbumin (45,000), bovine serum albumin, fraction V (67,000), and alcohol dehydrogenase (140,000). Proteins eluting from the column were monitored at 280 nm. Chromatography was performed three different times.
Isoelectric Focusing. Isoelectric focusing with polyacrylamide gels was done with a LKB Multiphor system (LKB-Produktor AB, Bromma, Sweden) as described by Winter et a!. (1977) , using Pharmalyte ampholytes (pH 3.0-10.0). Samples of cell-free enzyme preparation (20 f.Ll) were applied to each track, and the gel was run at 25 W for 4.5 h. Gels were run three times: they were tested in duplicate each time for I-naphthyi acetate activity' with the same substrate and reagents previously reported by Dowd & Sparks (1986) . Elution of enzymes from the gels was not attempted because of the small amount of sample available. Protein contents of the bands were not determined because of interference of color development by ampholytes.
Enzyme Kinetics and Inhihition Studies. For kinetic measurements, the concentration of I-naphthyl acetate was varied from 16.0 to 200 f.Llvf. Kinetic determinations were run twice in duplicate, and the apparent K", and Vm" were determined by the weighted least-squares method (Wilkinson 1961) . Protein content was determined by means of the Bio-Rad assay. -6 
Results
Gel Filtration Chromatography. Gel filtration resolved one major peak of I-naphthyl acetate esterase activity. The approximate molecular weight of the enzyme was 38,000. A small peak of additional activity corresponded with an approximate molecular weight of 160,000 (possibly a tetramer of the enzyme responsible for most of the activity) (Fig. 1) . Recovery of esterase activity from the gel filtration column averaged 91.6% (three runs). The specific activity of the most active fraction was 1.03 mole/min/mg protein; a 6.6-fold purification was obtained.
Isoelectric Focusing. Only one major and two faint bands were visible at pH 4.6-4.8 (Fig. 2) , suggesting that isoenzymes of different molecular forms were responsible for activity. The additional bands at pH 7.0-7.5 may correspond to the form with a higher molecular weight because they did not focus sharply.
Kinetics and Inhibition. The apparent K m was 114 ± 43~M, and the Vma> was 8.9 ± 3.5 nmole/ min/mg protein (Fig. 3) . The esterase preparation
The potential inhibitors were added in 1~l of ethanol or water to 100~l of cell-free enzyme preparation to yield 10-4 M final concentrations, preincubated for 10 min, and then tested for I-naphthyl acetate activity. Solvent controls were used. The levels of inhibition are based on values of an assay without inhibitor, run concurrently with the appropriate concentration of the inhibitors. These assays were also run twice in duplicate.
Temperatures and Solvent Stability Studies. Cell-free enzyme preparations were preincubated for 1 h at 5, 22, 35, 40 , and 60°C and then tested for the ability to hydrolyze I-naphthyl acetate. Different final concentrations of acetone (10%, 20%, 30%, 40%, and 50%) were preincubated with the enzyme preparation for 1 h before the assay for activity. Assays were run twice in duplicate. 
Discussion
Values are f ± SD for at least two assays run in duplicate.
Values are f ± SD for at least two assays run in duplicate. Values are f ± SD for at least two assays run in duplicate.
tion, evidence suggests that the major activitv is due to an enzyme with the indicated molec~lar weight and isolectric point (38,000; pH 4.6-4.8).
Molecular weights of the esterases of interest ary; in higher animals they generally range from 00,000 to 60,000, in insects from 63,000 to 220,000 and in microorganisms from 5,000 to 130,000. The molecular \veights of insect esterases vary. For example, Pseudoplusia includens (Walker) esterase has a molecular weight of ca. 55,000 (Dowd & Sparks 1986 ). Carboxylesterase of Myzus persicae (Sulzer), which has broad substrate specificity, has a molecular weight of 65,000 (Devonshire & Moores 1982). Esterase from insecticide-resistant M. domestica has a molecular weight of 220,000 (Kao et aL 1985) . These molecular weights differ widely from that of the primary activity from S. kochii.
Although widely distributed, little is known about the properties of yeast enzymes that hydrolyze esters. They may range in weight from 6,000 to 30,000
for Cand~da lipolytica (Adoga & Mattey 1985, Tobe et aL 19/6 ) and from 67,000 to 130,000 for Saccharomyces cerevisiae (Schermers et aL 1976) . The I-naphthyl acetate esterase from S. kochii characterized in our experiments has a molecular weight ::::::38,000. This weight is lower than any of the molecular weights of other known esterases in microorganisms, with the exception of one yeast esterase (6,000) (Schermers et aL 1976) . Yeast esterases that have been tested show a pH optimum around neutrality (Schermers et aL 1976 , Spaepen & Verachtert 1982 , as does the enzyme from S. kochii (unpublished data). The esterase from Saccharomyces cerevisiae was not inhibited by EDTA (no other classes of inhibitors were tested) (Schermers et aL 1976) and neither was our enzyme. Thus, although similar in some respects, the I-naphthyl acetate esterase from S. kochii has manv properties that differ from esterases of other yeast~.
The possibility that the enzyme we have investigated is identical to or mixed with enzymes that are proteases/peptidases (with ability to cleave carboxylic esters) cannot be ignored. Some yeast-der~v~d proteolytic enzymes have properties very SImIlar to the enzyme we have characterized. The most closely related one is proteinase C isolated fro~.bre:ve~s y:~st (S. cerevisiae). It has esterolytic actiVIty, IS mhlblted by the thiol reagent p-chloromercuribenzoate and the serine-OH reagent diisopropylfluorophosphate (but not the chelators EDTA or 1,10-phenanthroline), and has a pH op- % Acetone was susceptible to inhibition by organophosphate pesticides (i.e., serine-OH group reagents) and thiol reagents, yet was stimulated by some chelators (Table 1). The esterase activity was relativelv resistant to denaturation by acetone; 30% activity'remained after preincubation of the enzyme \vith 50% acetone for 1 h (Table 2 ). Further studies showed that precipitation of protein occurred in 40 and 50% acetone treatments, but the resuspended precipitate showed no esterase activity (data not shown). The preparation lost 15% of its esterase activity after preincubation at 35°C for 1 h, and lost nearly all of its activity after incubation at 60°C (Table   3) .
In previous studies, many esterases that hydrolyze toxic esters have been reported. For clarity, only the activities of I-naphthyl acetate and related general esterases from diverse sources will be used for comparison with our results. However, the cell free enzyme preparation of this yeast will also hydrolyze p-nitrophenyl acetate, ,8-naphthyl acetate, and parathion (unpublished data).
Data from isoelectric focusing and gel filtration suggest that most of the hydrolysis of I-naphthyl acetate by the cell-free enzyme preparation from the yeast was the result of only one enzyme (gel filtration) or possibly three closelv associated enzymes (isoelectric focusing). Be~ause these two methods involve different mechanisms of separa- timum near neutrality (pH 8) for an ester, ATEE (N-acetyl-L-tyrosine ethyl ester). The isoelectric point for this enzyme is at pH 3.4 (from paper electrophoresis) and the molecular weight is calculated as 75,000 (Hata et al. 1967) . Although the molecular weight (75,000) is about twice as high as the enzyme characterized in our study, the S. cerevisiae enzyme is similar to the esterase from S. kochii because it had an acidic isoelectric point (3.4), a similar pH optimum for an ester, and similar responses to three inhibitor classes (Hata et al. 1967) . Preliminary results indicate that the cellfree enzyme preparation from S. kochii will hydrolyze the trypsin model substrate benzoyl arginine iJ-naphthyl amide, but at a lower rate than for I-naphthyl acetate. Further study is needed to explore the possibility that our enzyme is actually a protease.
In summary, the major I-naphthyl acetate esterase activity from cultures of the symbionts from the cigarette beetle is due to an esterase with a molecular \veight of "='38,000 and an isoelectric point of 4.6-4.8 (with 3 isoenzymes). The total esterase activity is susceptible to inhibition by thiol and serine-OH reagents, but not to chelators. The total esterase activity is thermolabile, but relatively stable in organic solvents. Its properties mostly resemble those of yeast proteases, but with some differences. These properties indicate that a novel enzyme apparently unrelated to other esterases may have a role in detoxification. The range of detoxification capability remains to be determined.
